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Research Article 
INTRODUCTION  
The utilization of chicken by people is rising and it is 
estimated that worldwide 24 billion chickens are killed 
annually and 8.5 billion tons poultry feathers are pro-
duced, while India contributed about 350 million tons 
annually (Peng et al., 2019). Chicken feather is a 
waste of poultry industries, high-quality protein supple-
ment owing to their crude protein content of more than 
85% (Sahoo et al., 2012) while hairs are produced by 
leather industry and parlours. Keratinophilic fungi were 
isolated from various habitats as poultry farm soil 
(Deshmukh 1999, Kaul and Sumbali 1999), public 
parks (Ramesh and Hilda 1999) and glaciers (Caretta 
and Pointelli 2004).  Hubalek (2000) carried out a de-
tailed study of these fungi on birds and free-living ani-
mals. These fungi were isolated from soil by several 
researchers (Deshmukh and Verekar 2006, Deshmukh 
et al., 2010, Sharma 2016, Bairwa and Sharma 2020). 
Dermatophyte and non-dermatophytic fungi can inhab-
it in and invade the keratin of hair, nail, skin and feath-
ers. For four decades the newly discovered keratino-
philic fungi have been known as causes of skin infec-
tions in humans and animals (Kwon-Chung and 
Bennett 1992, Kane et al., 1997). Nondermatophytic 
fungi are capable of degrading keratin and producing 
keratinase (Nigam and Kushwaha 1992, Kumar and 
Kushwaha 2014). Studies of keratin deterioration by 
fungi are limited to very few in number (Kunert 1972, 
Safranek and Goos 1982, Nigam and Kushwaha 
1990). Very few records are available to demonstrate 
the keratin colonizing capacity by dermatophytes and 
non dermatophytic fungi. However, keratinolytic activi-
ty of these fungi has been studied by many research-
ers (Filipello 1986, Wawrzkiewicz et al., (1991), Kumar 
and Kushwaha 2014, Kumar et al., (2015), Bohacz et 
al., (2020). Keratin degradation is attracting biotechno-
logical attention since it might provide a substitute way 
of waste management as well as the production of 
valuable products (Brandeli and Riffel 2006, Pasu-
puleti et al., 2010). Feathers were degraded in soil 
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and used as fertilizer for growth enhancement of plants 
(Kumar et al., 2020, Kumari and Kumar 2020).  
Nondermatophytic fungi occur in nature as  
soil-dwelling saprophytes and may be pathogenic. 
Considerable attention has been given to well-known 
pathogens while non dermatophytic fast-growing  
filamentous fungi have less been studied. The aim of 
the present study is to demonstrate the chicken feather 
and human hair deterioration activity of some non  
dermatophytic fungi using FTIR analysis. These fungi 
could be natural scavenging tools for keratinous waste 
management. 
MATERIALS AND METHODS 
Isolation and screening: The non dermatophytic  
fungi were isolated from urban waste habitats by the 
hair baiting method of Benedek (1962). Human hair 
obtained from a parlour shop while chicken feathers 
obtained from a butcher shop were washed in water 
and dried in air. Human hair and chicken feathers were 
cut into 1 cm length autoclaved at 15 lbs pressure for 
20 minutes. The inoculums were prepared in a homo-
geneous suspension. Sterilized baits were placed in 
petri plates to 20 ml of distilled water, 5 ml fungal inoc-
ulum and 3 ml of 10% yeast extract were added. The 
inoculated plates were incubated at 28 ± 20C in the 
dark for 10 days. The control contained 25 ml of  
sterilized distilled water and fungal inoculum. All the 
experiments were carried out in triplicate. 
Fourier transform infrared spectroscopy (FTIR) 
analysis: Degradation chicken feathers and human 
hairs by fungal isolates were performed by FTIR analy-
sis. FTIR spectra were recorded by using the Perkin 
Elmer spectrum EX, FTIR having a resolution of cm-1 
and scan range 4000cm-1 to 250cm-1in the SAIF La-
boratory PU & CIF LPU. 
RESULTS AND DISCUSSION  
Hyphal entrance in human hair may lead to tunnels 
which later on proceeded in length and width and con-
sequently wide fissures developed and were the cause 
of mechanical disruption of hair (Fig. 1). These were 
thin, filamentous and narrow cone-shaped hyphae. 
Linear strands of Malbranchea sp. were seen. This 
Figs. 1-9: 1. Growth of keratinophilic fungi on human hair. 2. Degradation of human hair by Malbranchea 3. C.  
queenslandicum 4. Degradation of chicken feather by C. indicum 5. Feather degradation by C. tropicum 6. Degradation 
of human hair by Humicola grasiea 7.Growth of Chrysosporium pannicola on chicken feather 8. Colonization of A. 
strictum on chicken feather 9. Colonization of P. variotii on feather rachis. 
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species developed hype that grew only on either side 
and bore reproductive structures at their terminal posi-
tion (Fig. 2). Growth was observed to begin at the ra-
chis and to extend towards the whole feather, which 
may lead to erosion. Chrysosporium queenslandicum 
caused uniform erosion in feather (Fig. 3). C. indicum 
caused complete degradation of the feather, including 
rachis (Fig. 4). C. tropicum with thin hyphae, produced 
short, narrow perforating organs (Fig. 5). However, the 
simple growth of a fungus on keratin residues, often 
visible with naked eyes was not a sufficient demon-
stration of keratinolytic activity. Humicola grisea by 
hyphal penetration caused longitudinal splitting of hair 
(Fig. 6). It was observed that a tuft of fungal mycelium 
attacked feather rachis so that lifting may occur. The 
medulla appeared to be filled with masses of conidia 
before wide penetrating organs attacked the cortex 
(Fig. 7). Acremonium sritctum caused digestion as a 
result of massive growth (Fig. 8). The conidia of Paeci-
lomyces variotii (Fig. 9) were developed at the end of 
the feather rachis. Fusarium oxysporum developed 
head shaped, longitudinal and broad perforators were 
observed (Fig. 10). C. tropicum formed perforating the 
organs on human hair (Fig. 11). Degradation activity of 
Aspergillus wentii was observed on human hair (Fig. 
12). There was continuing damage of hair from the 
outside inwards by hyphae, which lifted up the cuticle 
and then digested the scales, starting from the inner 
side. It is assumed that after surface erosion by the 
fungus, it will be able to penetrate under the cuticle 
and in between the layers of cuticular cells. Feather 
degradation by Paeciliomyces sp. was observed on 
feather (Fig. 13). According to Griffin (1960) and De 
Vries (1962) some fungi that only colonize keratinous 
baits are not able to attack keratin, but simply use the 
products of its partial demolition by other fungi, the 
protoplasmic residues of the keratinic matrices or sub-
stances naturally present on their surface. Deacon 
(1980) suggested that the more massive organs are 
characteristics of keratinolytic fungi, while the non-
keratinolytic fungi produced the narrow, boring hy-
phae. Safranek and Goos (1982) defined that growth 
of fungi on hair segments without perforating organs 
may be due to their utilization of non-keratinous sub-
strate present in the hair. Pathogenic activities of Pae-
cilomyces variotii was also reported by Naidu and 
Singh (1992). Keratinolysis has been represented by 
two forms of attack i,e. surface erosion and radial pen-
etration (Ali-Shtayeh, 2000).  
Keratinase activity has been reported in Chaetomium 
globosum by Safranek and Goos (1982) and Scott 
and Untereiner, (2004). It is conceivable that moder-
ately and negligible keratinolytic strains exist within 
one species. In Scopulariopsis brevicaulis, for exam-
ple, some authors described keratinolytic ability 
(Benedicto 1973) while others could not find it (Kunert 
1989). Fusarium and Acremonium species were seen 
to have invaded the full thickness of the epidermis 
with some degree of invasion of the dermal layer 
(Richardson and Edward, 2000). This is for the first 
time, as non dermatophytic ones showed broad perfo-
rators. The disintegration of hair was caused by der-
matophyte enzymatic digestion (Richardson and Ed-
ward, 2000). However, some non dermatophytes have 
also been implicated as keratin digestor (Malviya et 
al., 1992, Kaul and Sumbali 1999). Keratin degrada-
tion capability was described by Kumar et al. (2020).  
FTIR analysis: In order to understand the structure of 
undegraded and microbial degraded feather FTIR 
spectra was used. This analysis confirmed the pur-
pose of COOH and NH2 group. The significant change 
was seen in the amide region of a fungal degraded 
feather. After a comparison of samples were found 
that the characteristic peaks are similar to each other 
and comparable with another study for feathers (Ma et 
al., 2016). Have band region between 3500-3200 cm-1 
was attributed to starching vibration of –O-H- and -N-
H amide band (Pavia et al., 2008) appeared in the 
range between 3000-2800 were related to symmet-
rical –CH3 stretching vibration. The strong band was 
Kumar J. and Yadav R. / J. Appl. & Nat. Sci. 12(4): 568 - 574 (2020) 
Figs. 10-13: 10. Colonization of human hair by F. oxysporum. 11. Formation of perforating organs by C. tropicum. 12. 
Degradation of human hair by A. wentii 13. Chicken feather degradation by Paeciliomyces sp. 
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attributed to –CO- stretching (amide I) which occurred 
in the range of 1700-1600 cm-1 (Mohanty et. al., 2005). 
The band (amide II) was in the range of 1580-1480 cm
-1 is for –N-H banding and C-H stretching for wool and 
feathers (Eslahi et al., 2013). The weak band between 
1300-1220 cm-1 was associated with amide III, which 
was derived from C-N stretching C-O- bond band and 
C-C stretching (Vasconcelos et al., 2008). In the sulph-
oxide region at 1073 cm-1 the band corresponding to S
-O was observed for undegraded feathers (Fig. 14). 
The band posed with low intensity and was poorly visi-
ble, while in degraded feather, the intensity of the band 
Kumar J. and Yadav R. / J. Appl. & Nat. Sci. 12(4): 568 - 574 (2020) 
Fig. 14: FTIR spectra of no degraded chicken feather. 
Fig. 15: FTIR spectra of C. tropicum degraded feather of chicken. 
Fig. 16: FTIR spectra of C. indicum degraded chicken feather. 
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was high in case of C. indicum and C. tropicum the 
band between 750-600 cm-1 was related to –N-H out 
of plane banding (Fig. 15 & 16).  In the case of human 
hair, the amide I, II, III at 1635 cm-1, 1535 cm-1 and 
1235 cm-1 respectively was in accordance with other 
reports for horsehair (Callin et al., 2017). The band 
was observed for undegraded hair (Fig. 17). In the 
sulphoxide region at 1029-1034 cm-1, the band corre-
sponding to S-O was observed. The band posed with 
high intensity and was clearly visible in C. indicum 
(Fig. 18) while the intensity of the band was low in 
case of C. tropicum (Fig. 19).  
Kumar J. and Yadav R. / J. Appl. & Nat. Sci. 12(4): 568 - 574 (2020) 
Fig.17: FTIR spectra of undegraded human hair. 
Fig. 18: FTIR spectra of C. indicum degraded human hair. 




The present study indicated partial to complete keratin 
deterioration by A. strictum, A. wentii, C. indicum, C. 
pannicola, C. tropicum, C. queenslandicum, F. ox-
ysporum, Humicola grasiea, Malbranchea,  P. variotii, 
Paeciliomyces sp. on feather and human hair.  FTIR 
analysis of degraded feather and hair by C. indicum 
and C. tropicum confirmed the presence of amino and 
sulphoxide group.  During the degradation process, S-
S bond was broken by C. tropicum and C. indicum due 
to proteolytic enzymes. This study suggests that these 
selected nondermatophytic fungi from soil can be used 
as decomposer of keratinous waste management and 
convert them into valuable byproducts.                
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